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CRYSTALLOGRAPHIC D-SPACE COMPUTER PROGRAM 

by 

M. H. Mueller, Argonne National Laboratory 
E. F . H. Meyer and S. H. Simonsen. The University of Texas 

ABSTRACT 

D-Space is a computer program which generates 
indices (hki), tes ts for space-group extinctions, and calcu­
lates "d," l/d^, sin e, sin^ 9, sin o/x, sin^ e/xS 6, and 2 6 for 
any crystal system and space group, requiring only the unit 
cell constants as data input. Optional calculations are ( l ) the 
s ingle-crystal angle settings, phi and chi, and (2) various 
Lorentz and Lorentz-polarization corrections. 

INTRODUCTION 

A need for a general, crystallographic computer program for cal­
culating interplanar spacings and several basic trigonometric functions 
essential in diffraction studies exists. Such a program should be very 
useful for both powder and single-crystal studies involving neutron and/or 
X-ray diffraction. Because this program started as a joint effort between 
individuals at Argonne National Laboratory and The University of Texas, 
it has current ly been used on the CDC-1604 and IBM-704 computers. It 
has been made available to the computer committee of the American 
Crystallographic Association for listing. 

DISCUSSION 

The program, which has been written in For t ran , requires only the 
unit cell constants as input data, with some choice of output with regard to 
extinctions and various functions. 

Indices are incremented in the order of h, then k, then i . The ex­
tinction tes ts are applied, sin 9 is computed and tested that its value be 
< 1, and the output data are calculated and printed before returning to the 
main program for the next set of indices. Extinctions are ordered in the 
format found in Buerger . (1 ' 

After the positive indices have been generated, negative indices are 
formed. For the tr icl inic case, all sign permutations are performed; for 



1 V, =.nd h a r e compu ted . Redundan t i n d i c e s in the 
the monocl inic c a s e , only h and h a r e comp 
cubic, hexagonal , and t e t r agona l c a s e s can be o m i t t e d . 

In te rp lanar spacings and r e l a t e d quan tUies a r e c o m p u t e d by m e a n s 

of the gene ra l quadra t ic equat ion 

Q = l/d^ = (ha*)^ + (kb*) ' + (ic*)' 

+ 2 ( k ^ b * c * c o s a * + h t e * c * c o s p* + h k a * b * c o s 7 * ) • 

The r e c i p r o c a l la t t ice p a r a m e t e r s a r e compu ted in the u s u a l way : 

a* = (be sin a ) / v ; b* = (ac sin /3 ) / v ; c* -- (ab s in y)/v 

V = abc( l + 2 cos a cos (3 cos 7 - cos^a - cos^(3 - c o s 7) 

cos a* = (cos ji cos 7 - cos a ) / ( s i n /3 s in 7) 

cos p* = (cos 7 cos a - cos (3)/( s in a s in 7) 

cos 7* = (cos a cos |3 - cos 7 ) / ( s i n a s in /3) 

The s i n g l e - c r y s t a l angle se t t ings phi and chi have the u s u a l m e a n i n g 
as p rev ious ly descr ibed(2) and ca lcu la ted . (3 ) The angle phi (0j can be c o m ­
puted for the following 6 different o r i e n t a t i o n s of the c r y s t a l : 

.1 [V(ck - b ^ c o s g)] ^ _ ^ 
'^'^ bc[bch s in^a + ack(cos a cos /3 - cos 7) +ab.£(cos a c o s 7 - c o s |3)] 

.1 [V(ch - aZ cos p ) ] 

ac[bch(cos a cos /3 - c o s 7 ) + a c k sin^ /3+ab,K(cos |3 c o s 7 - c o s a ) ] f c -b - tan 

0 . , = t a n - ' [V(bh - ak cos 7) ] 
ab[bch(cos a c o s 7 - c o s / 3 )+ack (cos (3 cos 7 - c o s a ) + a b i s in 7 ] 

0^, .^ = t a n - ' [V(bi - c k c o s g ) ] 
bc[bch sin^a + ack(cos a cos j3 - cos 7) + a b i ( c o s a c o s 7 - c o s J3)] 

0 a . b = t a n " ' [V(a i - ch cos / ; ) ] 
ca[bch(cos a c o s /3 - cos 7) +ack sin^ p +ab.«(cos /3 c o s 7 - c o s a ) ] 

0 , . , = t a n - ' [ V ( a k - b h c o s 7 ) ] 
ba[bch(cos a cos 7 - c o s jS) +ack (cos j3 C0S7 - c o s a ) + a b i s i n ^ 7 ] 

where the s u b s c r i p t s a. b , and c ind ica te the r e l a t i v e o r i e n t a t i o n of t he 
c r y s t a l . The h r s t subsc r i p t l e t t e r i n d i c a t e s the ax i s of t he c r y s t a l a long 



the 0 axis, and the second subscript letter indicates the reciprocal axis of 
the crysta l in the plane of the X c i rc le . 

The 0 ĵ_ĵ  calculation above would indicate, for example, that the 
"b" axis was along the 0 axis, the usual goniometer axis, and that the a* 
axis is in the plane of the X circle , which, with the proper 20 setting, 
would be cor rec t for the hOO reflections. 

Chi can be computed for 3 axial rotations in which the subscript 
a, b. or c descr ibes the crystal axis - the unique axis - along the 0 axis 
of the instrument: 

Xa = s m - ' [(h/a) d^^] 

Xb = s in - ' [(k/b) d^k^] 

Xc = s in - ' [ ( V c ) d h k i ] • 

In all of the above it is assumed that 0 = X = 0 for calculation pur­
poses; however, constant corrections can be added algebraically to phi and 
chi so that the calculated values correspond to actual goniostat sett ings. 

The following Lorentz or Lorentz-polarization corrections can be 
computed: 

A. Lorentz correction, crystal face, symmetrical reflection: 

L = l / s in 2 9 

B. Lorentz correction, Debye-Scherrer lines on cylindrical film: 

C. Lorentz-polarization correction, Debye-Scherrer lines on 
cylindrical film: 

L.P . = (1 + cos^2e)/sin^e cos 6 

D. Lorentz-polarizat ion correction, equi-inclination Weissenberg 
photographs: 

(1 + cos^2e) sin e 
L.P. - ^ ' 

sin 2 9 (cos^/i - cos^9)'^^ 



Because sin 9 and sin 29 a r e computed and s t o r e d in the m a i n p r o ­
g r a m , the L. P . c o r r e c t i o n is ca l cu la t ed by m e a n s of the e x p r e s s i o n 

L . P . = 
(2 - sin^29) 

sin 29 (cos^ IJ. + sin^e - 1)1/2 

w h e r e : 

and 

cos^^ = [1.0 - (nx /2T) ] 

T - identi ty pe r iod 

RUNNING TIME 

The running t i m e usua l ly v a r i e s f rom 1 to 5 m i n , depend ing upon 
the space group, options chosen , and c o m p u t e r u s e d . The l a r g e s t p r o b l e m 
encountered to date involved over 7000 r e f l e c t i o n s with phi and ch i c a l c u ­
la t ions , and r e q u i r e d 40 min on the IBM-704 . 

FORTRAN NOTATION 

Function 

cos a 

sin a 

cos j3 

sin p 

cos -y 

sin 7 

cos a* 

cos j3 * 

cos 7 * 

a 

b* 

F o r t r a n Symbol 

C W A 

S W A 

C W B 

S W B 

C W C 

SWC 

COS AS 

COSBS 

COSCS 

AS 

B S 

Func t ion 

c * 

V (volume) 

Q = l /d^ 

sin^ 9/x^ 

s in 9/x 

" d " 

6 

2 6 

s in 29 

s in 9 

F o r t r a n Symbo l 

C S 

V 

S U M 

SQTLS 

SINTL 

D 

T H E T A 

T W O T H 

SN2TH 

SINTH 

AU t r i gonome t r i c functions a r e ca lcu la ted by l i b r a r y s u b r 
' o u t i n e s . 



INPUT CARDS 

Code 
C a r d C o l u m n s V a r i a b l e Name D e s c r i p t i o n 

1 1 to 72 - - H o l l e r i t h t i t l e c a r d ; If p r o g r a m is r u n 
u n d e r f o r m a t c o n t r o l , o b s e r v e 
l i m i t a t i o n f o r c o l u m n 1. 

2 1 to 10 a WAD L a t t i c e cons t an t , d e c i m a l point in co l . 5 

11 to 20 fi WBD La t t i ce cons t an t , d e c i m a l point in co l . 15 

21 to 30 7 WCD L a t t i c e cons t an t , d e c i m a l point in co l . 25 

31 to 40 a A L a t t i c e cons t an t , d e c i m a l point in co l . 35 

41 to 50 b B La t t i ce cons t an t , d e c i m a l point in co l , 45 

51 to 60 c C L a t t i c e cons t an t , d e c i m a l point in co l . 55 

61 to 70 X XL Wavelength of r a d i a t i o n , in A ; d e c i m a l 
point in co l . 64 . 

Note : All a n g l e s should be e x p r e s s e d as d e g r e e s and d e c i m a l f r a c t i o n s of 
d e g r e e s . 

C a r d 

3 C o l u m n 1 LA(HKL) 

1 omi t th i s and a l l s u c c e e d i n g t e s t s 

2 omi t t h i s t e s t , go to next t e s t 

3 h + k + .̂  = 2n, condi t ion for n o n - e x t i n c t i o n 

4 h + k = 2n 

5 h + i = 2n 

6 k + i = 2n 

7 h + k = 2n, h + i = 2n, and k + i = 2n 

8 - h + k + i = 3n 

9 h + k + i = 3 n 

C o l u m n 2 L B ( O K L ) 

1 o m i t t h i s and a l l s u c c e e d i n g t e s t s 

2 o m i t th i s t e s t , go to next t e s t 

3 k = 2n 



10 

4 i = 2n 

5 k + i = 2n 

6 k + i = 4n 

Column 3 LC(HOL) 

1 omU th i s and a l l s u c c e e d i n g t e s t s 

2 omit th i s t e s t , go to next t e s t 

3 h = 2n 

4 i = 2n 

5 h + i = 2n 

6 h + i = 4n 

Column 4 LD(HKO) 

1 omit th is and a l l s u c c e e d i n g t e s t s 

2 omit th is t e s t , go to next t e s t 

3 h = 2n 

4 k = 2n 

5 h + k = 2n 

6 h + k = 4n 

Column 5 L E ( H H L ) 

1 omit th is and a l l s u c c e e d i n g t e s t s 

2 omit th i s t e s t , go to next t e s t 

3 i = 2n 

4 h = 2n 

5 h + £ = 2n 

6 2h + i = 4n 

Column 6 L F ( H O O ) 

1 omit th is and al l s u c c e e d i n g t e s t s 

2 omi t th is t e s t , go to next t e s t 

3 h = 2n 

4 h = 4n 
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Column 7 

Column 8 

LG(OKO) 

1 

2 

3 

4 

LH(OOL) 

1 

2 

3 

4 

5 

6 

omit this and all succeeding tests 

omit this test , go to next test 

k = 2n 

k = 4n 

omit this and all succeeding tests 

omit this test , go to next test 

^= 2n 

i= In 

1= in 

i= 6n 

Column 9 LI(HHO) 

1 omit this test 

2 h = 2n 

Column 10 NP(PHI) 

0 omit this calculation 

1 calculate 0f,_-

2 calculate 0c-b 

3 calculate 0b-c 

4 calculate 0b-a 

5 calculate 0a_b 

6 calculate 0a_r. 

Column 11 NC(CHI) 

0 omit this calculation 

1 calculate Xc 

2 calculate Xb 

3 
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Column 12 LP(COR) 

0 

1 

2 

4 

5 

6 

Column 13 NCT 

0 

Columns 14-20: 

Column 14 

omit L or L P c a l c u l a t i o n s 

L for c r y s t a l f ace , s y m m e t r i c a l r e f l e c t i o n 

L for D e b y e - S c h e r r e r L i n e s on c y l i n d r i c a l 

film 

LP for D e b y e - S c h e r r e r l i n e s on c y l i n d r i c a l 

film 

L P , equ i - i nc l i na t i on , a - a x i s r o t a t i o n 

L P , equ i - i nc l i na t i on , b - a x i s r o t a t i o n 

L P , equ i - i nc l i na t i on , c - a x i s r o t a t i o n 

a l l va lues of h, k, and i a r e c o m p u t e d , with 
specif ied ex t inc t ions 

c r i t e r i a h ^ k ^ i m u s t be s a t i s f i e d . 
(Cubic c a s e : h ^ 0, k ^ 0, i ^ 0) 

c r i t e r i a h f" k m u s t be s a t i s f i e d . ( T e t r a ­
gonal or hexagona l c a s e : h i* k, 
h > 0, k ^ 0) 

Should be punched 0 or 1 for s ign p e r m u ­
ta t ion c o n t r o l . 

omit th i s s ign p e r m u t a t i o n and p r o c e e d to 
next pos s ib i l i t y 

ca lcu la t e "hki 

Column 15 

Column 16 

0 

1 

0 

1 

omit 

calculate hki 

omit 

calculate Tiki 
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Column 

Column 

Column 

Column 

17 

18 

19 

20 

0 

1 

0 

1 

0 

1 

0 

1 

omit 

calculate hk.̂  

omit 

calculate hk i 

omit 

calculate hki 

omit 

calculate h.k£ 

Columns 21-30: (ADJP) correction to 0 to be added algebrai­
cally to calculated values. Decimal point 
in col. 25 

Columns 31-40: (ADJC) correction to X to be added algebrai­
cally to calculated values. Decimal point 
in col. 35 

Note: In card 3, columns 1-9 must have punches (not 0) in them, otherwise 
a "computational e r r o r " at relative address xxxxx will occur. If 
column 10 is zero, column 11 must also be zero. 

In card 3, columns 14-20 are used to control the sign permutation of 
hk i . If columns 14-20 are punched zero only the hki case is com­
puted. For example, the following may apply: Monoclinic and 
hexagonal sys tems; 14-20, 1000000, orthorhombic, tetragonal and 
cubic systems and hexagonal powder patterns; 14-20, 0000000. 

CARD DECK ARRANGEMENT 

IBM-704 

D-Space binary program deck 
Card 1. (Title card) 
Card 2. (Cell constants card) 
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Card 3. (Options card) 
Blank card 
Blank card 

Note 1: When using with the CDC-1604. the deck arrangement may vary 
according to the compiler system in operation for each com­
puter. The output mode may have to be changed to meet the 
demands of the individual system, e.g., the WRITE TAPE s ta te­
ment may have to be changed to PRINT. 

Note 2: More than one set of computations can be made by using additional 
data cards 1, 2, and 3 in sequence. These cards should be placed 
after the initial 3 data cards. The last set of data cards should 
always be followed by 2 blank cards. 
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1 2 0 9 / M E T 135 
704 PROGRAM 

Programmer Date 

M e y e r and J a n o u s e k 6 / 2 1 / 6 I 

READER: 72 X 72 b o a r d 

PUNCH: Not u s e d 

PRINTER: N o t U S e d 

SENSE SWITCH SETTINGS: A i l U p 

GENERAL OPERATING INSTRUCTIONS 

USED NOT USED 

TAPES: 

Input: 

Scratch: 

None 

None 

Output. Printed # Z 

• Punched 

To Be Saved 

None 
Rewound by Program Prior to Cglgulotlon N o n e After N o n e 

Manual EOF Needed 

TIME BEFORE OUTPUT: NORMAL RUNNING TIME; A p p r o x . 30 s e c . t o 5 m i n . d e p e n d i n g o n 

a few s e c o n d s RUN NO LONGER THAN: 4 5 m i n s . s ign p e r m u t a t i o n s and 
e x t i n c t i o n c h o i c e s . 

RUNNING PROCEDURE: (Indicate both regular and restart) 

1. READY tape #2 . 

2. SET unde r f low s w i t c h on. 

3. READY b i n a r y p r o g r a m d e c k fol lowed by da t a c a r d s in r e a d e r . 

4. C L E A R and LOAD CARDS, 

5. H P R 777778 in S,R. - p r o b l e m c o m p l e t e d . 

6. W r i t e E O F on t a p e #2 , r e m o v e , and p r i n t o f f - l i ne . 

STOPS (OCTAL): H P R 77777 - End of p r o b l e m . 

H P R 777 - I l l ega l n e g a t i v e v a l u e s for N P a n d / o r L P . P r e s s 

S T A R T to r e a d next c a s e . 

H P R 77 - I l l ega l n e g a t i v e v a l u e s for N P , L P , a n d / o r NC. 
P r e s s START to con t inue without c a l c u l a t i n g 0,X , o r L P . 

AMD.B ( tZ -S I ) 
F O R T R A N E r r o r S tops 
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TEST PROBLEM - ALPHA URANIUM 

The test problem selected for this program (MET-135) was that of 
alpha uranium, which is orthorhombic Space group No. 63, Cmcm, which 
has the following conditions for the reflections: 

hkt h + k = 2n hOO: (h = 2n) 

Oki: (k = 2n) OkO: (k = 2n) 

h0.e: i = 2n ; (h = 2n) OOi: ( i = 2n) 

hkO: (h -I- k = 2n) 

The la t t ice cons tan t s a r e indica ted in F ig . 1, which is the d a t a 
sheet used for punching the n e c e s s a r y 3 c a r d s . It can be noted f r o m th i s 
sheet that the ca lcula t ion is for CUKQ^ r ad i a t i on and that the h k i output h a s 
been l imi ted based upon the above re f lec t ion cond i t ions . In t h i s t e s t c a s e , 
one of the options is a l so being used , name ly , the c a l c u l a t i o n of 0 and X 
based on the b axis of the c r y s t a l unique - b ax i s a long the 0 ax i s - and 
the a* axis of the c r y s t a l is in the plane of the X c i r c l e . 

The output f rom an IBM-704 run is shown in F ig . 2. The t i t l e and 
input informat ion, under identifying s y m b o l s , a r e p r i n t e d on the f i r s t few 
l ines , thereby affording a convenient check on input da ta . The next 2 l i n e s 
l i s t the unit cel l vo lume , cos ines of the r e c i p r o c a l l a t t i c e a n g l e s , and the 
r e c i p r o c a l la t t ice p a r a m e t e r s . The l a s t por t ion i s a c o l u m n a r a r r a n g e ­
ment of the output data in which the following a b b r e v i a t i o n s a r e u s e d for 
column headings : 

D d spac ing 

I /DSQ l/d^ 

SINTH s i n e 

SINTHS sin^e 

SINTL Sine/X 

SQTLS Sin^e/X^ 

THETA e 

2THETA ze 

PHI 0 

CHI X 

Lorentz-polarization 
correction 



704 I N P U T DATA 

FORM II 
COST CODE- 1 2 0 9 

FIGURE 1 . M E T - 1 3 5 7 0 4 DATA SHEET - ALPHA URANIUM TEST PROBLEM , / , o / « o 
PROCRAM MET 1 3 5 PROBLEM A l p h a U r a n i u m ORIGINATOR M u e l l e r DATE 2 / . 2 8 / 6 . ! 

1 

1 2 3 4 5 6 7 89 0 1 2 3 4 5 6 7 8 

1 1 1 1 1 1-

1 1 1 1 1 L 

1 

1 1 1 1 1 L 

1 1 1 1 1 L 

L 

1 1 1 1 1 L 

1 1 1 1 1 1 

1 1 1 1 1 1 

f 1 1 1 1 1 

1 1 1 1 1 J 

1 1 1 1 1 

1 1 1 1 1 1 

1 1 1 1 1 

1 1 1 1 1 

1 2 3 4 5 6 7 

2 

9 0 1 2 3 4 5 6 7 8 9 

T| | 1 | 3 * ' . ' ' ' ' P , " * ' .II,B.A,N 

89 0 1 

1 

9 , 0 , . | 0 | 0 , 

t i l l 
2 3 4 5 6 7 

1 1 1 |9|0 

1 1 1 1 
8 9|o 1 2 3 

{2 

I i U i M i | B , 

. i O , 0 , , , 

4 5 6 7 8 9 

3 

1 2 3 4 5 6 7 8 9 

A|X,I |S | lUpIiIiOi 

1 1 ,2 I. 18 S|3 |9 | 

1 1 

1 1 1 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 G S 

3 

4 

0 1 2 3 4 5 6 7 8 9 

U|E| 

0 1 : 

4 

2 i / i 2 i 8 , / i 6 1 

, 5 , . , 8 , 6 , 9 1 

1 J . . J _ L J _ 

, 1 1 1 1 
3 4 5 6 7 8 

5 6 

0 1 2 3 4 5 6 7 8 9|0 

1 1 1 1 |4 

9 0 12 3 

5 

, 1 , , , 

. i9:5,5 ,4 , 

M i l l 
5 6 7 8 9 

PAGE 

1 2 3 4 5 6 

, i l i . l 5 , 4 

0 1 2 3 4 5 , ; 

6 

7 8 9 

1,7 |8 

1 1 

7 8 9 

1 OF 1 

7 

0 1 2 

0 1 2 

7 

3 4 5 6 7 8 9 

1 1 . 1 1 1 

3 4 5 6 7 8 9 

0 

L_ 

7 



FIGURED. MET-135 704 OUTPUT SHEET 
TEST PROGRAM 

A L P H A URANIUM 

1 2 0 9 / H E T 1 5 5 ALPHA URANIUM B A X I S UNICUE 5 / 3 / 6 2 
ALPHA BETA GAMMA A 

V O . 0 0 0 0 0 9 0 . 0 0 0 0 0 9 0 . 0 0 0 0 0 2 . 8 5 3 9 0 

C LAMBDA 
U . 9 5 5 U 0 I . 5 U 1 7 8 0 5 . 8 6 9 1 0 

HKL OKL HOL HKO HHL HOO OKO OOL HHO P H I CHI COR NCT - K L H - L - - L HK 

COSA« 
- 0 . 0 0 0 0 0 0 

COSR« 
- 0 . 0 0 0 0 0 0 

COSG-
- 0 . 0 0 0 0 0 0 

c* 
0 . 2 0 1 8 0 0 

D 
1 . U 2 6 9 5 
2 . 5 6 6 b 6 
0 . 9 3 9 0 1 * 
2 . 9 - i U 5 5 
1 . 2 t l 3 2 e 
1 .6 1 3 6 3 
0 . 8 5 5 5 2 
1 . 1 . 6 7 2 8 
1 . 0 2 2 9 7 
1 . 0 H 5 5 H 
Q.978 18 
0 . e 0 6 H l 
O.BUUUU 
2 . 2 7 9 0 2 
0 . 9 2 2 6 3 
2 . 5 2 5 0 1 
1 .21 .230 
1 . 5 5 U i 3 
0 .81J3 05 
1 .1 .0690 
1 . 0 0 1 6 U 
1 - O f t O i i i 
0 . 9 5 9 6 7 
0 . 7 9 6 3 3 

0 . ("91105 
2 . 1 J / 7 7 0 
1 . 2 36 5U 
1 . 7 H 2 5 8 
0 . 8 / H 10 
1 . 8 9 3 1 5 
1 . 1 3 9 5 1 
1 . 3 5 2 1 6 
0 . H C 8 6 7 
1 . 2 6 2 5 1 
0 . 9 U 5 5 5 
0 . 9 9 i i i i 
0 . 9 0 9 g u 
1 . i H 9 0 0 
O . H 1 6 i 5 
l . U ^ 9 i J i 
1 . 0 1 3 3 9 
1 . 1 5 U 2 7 
1 . 0 9 6 9 8 
0 . 8 6 9 6 9 
0 . 9 0 7 ? 0 
0 . 8 1 . 167 
1 . 2 3 8 8 5 
0 . 9 3 5 ' i S 
1 . 1 1 5 6 b 
I . 114132 
0 . 8 9 1 2 9 
0 . 9 8 2 6 5 
0 . 9 1 . 6 5 8 
0 . 7 8 8 8 0 
0 . 8 16U6 
0 . 9 2 U 5 I * 
0 . 9 5 8 9 8 
0 . 7 8 U 3 9 
0 . 8 U U 5 I 
0 . 8 2 1 2 8 
0 . 8 2 5 9 0 
0 . r a 6 2 0 
0 . 7 9 5 0 1 

1 2 0 9 / - E T l i 5 0 SPACE 

1/DSC; 
0 . U 9 1 1 1 
C . 1 5 1 8 1 
t . 13U0". 
0 . 1 1 6 1 2 
0 . 6 0 7 2 * 1 
0 . 3 8 U 0 5 
1 . 3 6 6 2 8 
0 . U 6 U U 9 
0 . 9 5 5 6 0 
0 .81*851* 
1 . D U 5 1 0 
1 . 5 3 6 2 2 
1 .51*528 

0 . 1 9 2 5 4 
1 . 171.76 
C . 1 5 6 8 5 
0 . 6 1 * 7 9 6 
0 . i i 2 i 4 7 e 
1 .1 *0701 
0 . 5 0 5 2 1 
0 . 9 9 6 3 3 
0 . 8 8 9 2 7 
1 . 0 8 5 8 3 
1 . 5 7 6 9 1 * 
1 . 5 8 6 0 0 
C . 162(^9 
0 . 6 5 1 . 0 1 
0 . 3 1 1 * 7 0 
1 . 2 9 6 9 5 
0 . 2 7 9 0 2 
0 . 7 7 0 1 3 
0 . 5 1 * 6 9 5 
1 . 5 2 9 1 8 
0 . 6 2 7 3 8 
1 . 1 1 8 5 0 
1 . 0 1 l U l * 
1 . 2 0 8 0 0 
0 . 5 1 8 3 2 
1 . 5 0 0 5 5 
0 .148263 
0 . 9 7 3 7 5 
0 . 7 5 0 5 6 

o.ei ioo 
1 . 3 2 2 1 1 
1 . 2 1 5 0 5 
l . U l 161 
0 . 6 5 1 5 7 
1 . 1 U 2 6 9 
0 . 8 0 3 3 8 
0 . 7 6 7 6 9 
1 . 2 5 8 8 1 
1 . 0 5 5 6 3 
1 . 1 1 6 0 6 
1 . 6 0 7 1 8 
1 . 5 0 0 1 2 
1 . 1 6 9 8 9 
1 . 131*20 
1 . 6 2 5 3 2 
1.1*0211* 
1 .1 *8257 
1 .1*6601* 
1 . 6 1 7 8 5 
1 . 5 8 2 1 6 

S I N T H 
0 . 5 U 0 2 U 
0 . 3 0 0 3 6 
0 . 8 2 0 9 3 
0 . 2 6 2 6 9 
0 . 6 0 0 7 2 
0 . U 7 7 7 U 
0 . 9 0 1 0 8 
0 . 5 2 5 3 9 
0 . 7 5 3 5 8 
0 . 7 1 0 1 2 
0 . 7 H 8 08 
0 . 9 5 5 1 * 7 
0 . 9 5 8 2 9 
0 . 3 3 8 2 6 
0 . 8 3 5 5 1 . 
0 . 3 0 5 3 0 
0 . 6 2 0 5 1 * 
0 . 5 0 2 1 * 3 
0.911*1*1 
0 . 5 1 * 7 9 1 . 
0 . 7 6 9 1 * 7 
0 . 7 2 6 9 6 
0 . 8 0 3 2 9 
0 . 9 6 8 0 6 
0 . 9 7 0 8 3 
0 . 3 1 1 13 
0 . 6 2 3 1 * 2 
0.1*521*6 
0 . 8 7 7 9 1 
0 . 1 * 0 7 2 0 
0 . 6 7 6 5 1 
0 . 5 7 0 1 2 
0 . 9 5 3 2 8 
0 . 6 1 0 6 0 
0 . 8 1 5 2 9 
0 . 7 7 5 2 9 
0 . 8 U 7 2 8 
0 . 5 5 5 0 0 
0.9141*32 
C . 5 3 5 5 5 
0 . 7 6 0 7 0 
0 . 6 6 7 8 6 
0 . 7 0 2 7 1 * 
0 . 8 8 6 5 9 
0 . R U 9 7 5 
0 . 9 1 5 9 0 
0 . 6 2 2 2 6 
0 . 8 2 1 4 0 5 
0 . 6 9 0 9 6 
0 .675U11 
0 . 8 6 1 . 9 1 
0 , 7 8 1 * 5 0 
O . B l l t t t O 
0 . 9 7 7 2 9 
0 . 9 U ( * 18 
0 . 8 . ^ 5 8 1 
0 . 8 2 0 9 9 
0 . 9 8 2 7 9 
0 . 9 1 2 8 2 
0 . 9 3 8 6 U 
0 . 9 3 3 3 9 
0 . 9 8 0 5 3 
0 . 9 6 9 6 6 

S I N T H S 
0 . 2 9 1 8 6 
0 . 0 9 0 2 2 
0 . 6 7 3 9 3 
0 . 0 6 9 0 1 
0 . 3 6 0 8 6 
0 . 2 2 8 2 3 
0 . 8 1 191* 
0 . 2 7 6 0 3 
0 . 5 6 7 8 9 
0 . 5 0 1 * 2 7 
0 . 6 2 108 
0 . 9 1 2 9 3 
0 . 9 1 8 3 2 
0 . 1 1 U U 2 
0 . 6 9 P 1 3 
0 . 0 9 3 2 1 
0 . 3 8 5 0 6 
0 . 2 5 2 1 . 5 
0 . H 3 6 114 
0 . 3 0 0 2 5 
0 . 5 9 2 0 9 
0 . 5 2 6 1 * 7 
0 . 6 1 . 5 2 8 
0 . 9 3 7 1 3 
0 . 9 1 * 2 5 2 
0 . 0 9 6 8 0 
0 . 3 8 8 6 6 
0 . 1 6 7 0 2 
0 . 7 7 0 7 3 
0 . 1 6 5 8 1 
0 . U 5 7 6 7 
0 . 3 2 5 0 1 . 
0 . 9 0 8 7 5 
0 . 3 7 2 8 1 . 
0 . 6 6 1 * 6 9 
0 . 6 0 1 0 7 
0 . 7 1 7 8 8 
0 . 3 0 8 0 2 
0 . 8 9 1 7 3 
0 . 2 8 6 8 1 
0 . 5 7 8 6 7 
0.1*1*601* 
0 .14958U 
0 . 7 8 5 6 9 
0 . 7 2 2 0 7 
0 . 8 3 8 8 8 
0 . 3 8 7 2 1 
0 . 6 7 9 0 7 
0.1*771*3 
0 . U 5 6 2 2 
0 . 7 1 * 8 0 7 
0 . 6 I 5 U 1 * 
0 .663214 
0 . 9 5 5 1 0 
0 . 8 9 U 8 
0 . 6 9 5 2 3 
0 . 6 7 1 * 0 2 
0 . 9 6 5 8 8 
0 . 8 3 3 2 5 
0 . 8 8 1 0 5 
0 . 8 7 1 2 2 
0 . 9 6 1 i * U 
0 . 9 1 * 0 2 3 

S I N T L 
0 . 3 5 0 1 * 0 
0 . 191*81 
0 . 5 3 2 1 * 6 
0 . 1 7 0 3 8 
0 . 3 8 9 6 3 
0 . 3 0 9 8 6 
0 . 5 8 l * U U 
0 . 3 U 0 7 7 
0 . U 8 8 7 8 
0 . 1 * 6 0 5 8 
0 . 5 1 1 1 5 
0 . 6 1 9 7 2 
0 . 6 2 1 5 5 
0 . 2 1 9 3 9 
0 . 5 U 1 9 3 
0 . 1 9 8 0 2 
0.1*021.8 
0 . 5 2 5 8 7 
0 . 5 9 3 0 9 
0 . 3 5 5 3 9 
O . U 9 9 0 8 
0 . U 7 1 5 I 
0 . 5 2 1 0 2 
0 . 6 2 7 8 8 
0 . 6 2 9 6 8 
0 . 2 0 1 8 0 
0 . U 0 l * 3 5 
0 . 2 8 0 1 * 9 
0 . 5 6 9 U 1 
0 . 2 6 U 1 1 
0 . 1 . 3 8 7 9 
0 . 3 6 9 7 8 
0 . 6 1 8 3 0 
0 . 3 9 6 0 U 
0 . 5 2 8 8 0 
0 . 5 0 2 8 5 
0 .51*951* 
0 . 3 5 9 9 7 
0 . 6 1 2 1 * 8 
0 . 3 U 7 5 6 
0 . 1 * 9 5 3 9 
0 . 1 . 4 5 1 8 
0 .145580 
0 . 5 7 1 * 9 2 
0 . 5 5 1 1 5 
0 . 5 9 U 0 6 
0 . 1 4 0 3 6 0 
O.5314I48 
0.1*1*816 
0 . U 5 8 0 9 
0 . 5 6 0 9 8 
0 . 5 0 8 8 3 
0 . 5 2 8 2 2 
0 . 6 5 3 8 7 
0 .612140 
0 . 5 1 * 0 8 1 
0 . 5 3 2 5 0 
0 , 6 3 7 U U 
0 . 5 9 2 0 6 
0 . 6 0 8 8 0 
0 . 6 0 5 1 . 0 
0 . 6 3 5 9 7 
0 . 6 2 8 9 2 

SOTLS 
0. 12278 
0.03795 
0.28351 
0 . 0 2 9 0 3 
0 . 1 5 1 8 1 
0 . 0 9 6 0 1 
0 . 3 U 1 5 7 
0 . 1 1 6 1 2 
0 . 2 5 8 9 0 
0 . 2 1 2 1 1 * 
0 . 2 6 1 2 8 
0 . 3 8 1 * 0 5 
0 . 3 8 6 3 2 
O . 0 U 8 1 3 
0 . 2 9 3 6 9 
0 . 0 5 9 2 1 
0 . 1 6 1 9 9 
0 . 1 0 6 1 9 
0 . 3 5 1 7 5 
0 . 1 2 6 3 0 
0 . 2 1 * 9 0 8 
0 . 2 2 2 3 2 
0 . 2 7 1 1 1 6 
0 . 39142U 
0 . 3 96 5 0 
0 . O U 0 7 2 
0 . 1 6 3 5 0 
0 . 0 7 P 6 H 
0 . 3 2 1 . 2 3 
0 . 0 6 9 7 5 
0 . 1 9 2 5 3 
0 . 13671* 
0 . 3 8 2 2 9 
0 . 1 5 6 8 5 
0 . 2 7 9 6 2 
0 . 2 5 2 8 6 
0 . 5 0 2 0 0 
0 . 1 2 9 5 8 
0 . 3 7 5 1 U 
0 . 1 2 0 6 6 
0.21451*1. 
0 . 18761 . 
0 . 2 0 7 7 5 
0 . 3 5 0 5 3 
0 . 3 0 n 6 
0 . 5 5 2 9 0 
0 . 1 6 2 8 9 
0 . 2 8 5 6 7 
0 . 2 0 0 6 5 
0 . 1 9 1 9 2 
0 . 5 1 1 * 7 0 
0 . 2 5 8 9 1 
0 . 2 7 9 0 2 
0 . 1 . 0 1 7 9 
0 . 3 7 5 0 5 
0 . 2 9 2 1 * 7 
0 . 2 8 3 5 5 
0 . 1 * 0 6 3 5 
0 . 3 5 0 5 3 
0 . 3 7 0 6 U 
0 . 3 6 6 5 1 
0 . l * l ) U l * 6 
0 . 3 9 5 5 1 * 

THETA 
5 2 . 6 9 9 7 2 
1 7 . 1 * 7 9 2 0 
5 5 . 1 7 8 0 1 
1 5 - 2 3 0 0 0 
3 6 . 9 2 1 1 * 2 
2 8 . 5 3 7 7 1 
6 1 * . 5 0 0 2 2 
3 1 . 6 9 l * U 5 
U e . 9 0 1 7 8 
U5.21*141.5 
5 2 . 0 0 6 7 6 
7 2 . 8 5 7 9 2 
7 3 . 5 9 3 1 1 
1 9 . 7 7 0 6 0 
5 6 . 6 7 2 0 9 
1 7 . 7 7 6 3 1 
3 e . 5 5 5 2 U 
3 0 . 1 6 0 7 2 
6 6 . 1 2 1 9 0 
5 5 . 2 2 5 5 5 
5 C . 3 0 6 6 2 
1 * 6 . 6 5 1 9 1 
5 3 . I 4 I 4 5 5 I 
7 5 . 1 4 7 8 8 6 
7 6 . 127814 
l f e . l 2 7 U 2 
5 8 . 5 6 6 6 5 
2 5 . 6 2 5 5 5 
6 1 . 3 9 1 U 5 
2 1 . . 0 2 9 0 0 
1 . 2 . 5 7 1 5 U 
3 1 4 . 7 5 8 5 0 
7 2 . 1 * 1 7 1 8 
3 7 . 6 5 3 1 3 
5 1 * . 6 1 5 6 1 * 
5 0 . 8 3 0 9 9 
5 7 . 9 1 6 7 1 
3 5 . 7 1 0 5 2 
7 0 . 7 8 9 U I 
3 2 . 3 8 1 2 6 
1 * 9 . 5 2 6 2 5 
U 1 . 9 0 2 2 0 
l l 14.61*702 
6 2 . 1 * 2 3 5 6 
5 8 . 161*29 
6 6 . 3 3 U 5 3 
3 8 . 1 * 8 1 5 5 
5 5 . 1 . 9 2 7 5 
4 3 . 7 0 6 2 0 
1.2.148852 
5 9 . 8 7 2 7 1 4 
5 1 . 6 7 U 6 3 
5 1 4 . 5 2 7 8 9 
7 7 . / 6 6 5 5 
7 0 . 7 6 5 8 8 
5 6 . 1 4 9 1 7 2 
5 5 . 181*05 
7 9 . 5 5 5 U I 
6 5 . 8 9 8 6 9 
6 9 . 8 2 1 4 8 5 
6 8 . 9 7 0 2 0 
7 8 . 6 7 5 3 8 
75 .614921* 

2 T H E T A 
6 5 . 3 9 9 i * U 

5I4.958UO 
1 1 0 . 3 5 6 0 1 

3 0 . U 6 0 0 1 
75.811281* 
57.075U1 

128.600U11 
6 3 . 3 8 8 8 6 
9 7 . 8 0 3 5 6 
90.1*8887 

1014.01352 
1 1 1 5 . 6 7 5 8 5 
1 1 * 6 . 7 8 6 2 2 

59.51*120 
1 1 3 . 3 i * i 4 l 8 

5 5 . 5 5 2 6 1 
7 6 . 7 1 0 1 4 8 
6 0 . 5 2 1 1 * 5 

152.21*580 
6 6 . 1 * 5 1 10 

1 0 0 . 6 1 3 2 3 
9 5 . 2 6 3 8 1 

1 0 6 . 8 9 1 0 2 
1 5 0 . 9 5 7 7 5 
1 5 2 . 2 5 5 6 7 

36.2514814 
7 7 . 1 5 3 2 5 
5 I . 2 U 7 1 0 

1 2 2 . 7 8 2 9 1 
1 * 8 . 0 5 8 0 1 
85. 1U507 
6 9 , 5 1 6 9 9 

ll*U.831437 
7 5 . 2 6 6 2 5 

1 0 9 . 2 3 1 2 9 
1 0 1 . 6 6 ) 9 7 
1 1 5 . 8 3 3 U 2 

6 7 . U 2 1 0 1 1 
1 1 * 1 . 5 7 8 8 3 

6 U . 7 6 2 5 2 
9 9 . 0 5 2 1 * 6 
8 3 . 8 0 i 4 l t O 
89.291*014 

1214.814713 
I 1 6 . 5 6 8 5 8 
1 3 2 . 6 6 9 0 5 

7 6 . 9 6 3 1 1 
1 1 0 . 9 8 5 5 0 

P 7 . U 1 2 3 9 
8 1 1 . 9 7 6 6 5 

1 1 9 . 7 1 * 5 U 8 
I 0 3 . 3 U 9 2 7 
1 0 9 . 0 5 5 7 7 
1 5 5 . 5 3 2 7 1 
11* 1 . 5 3 1 7 6 
1 1 2 . 9 8 3 1 * 5 
1 1 0 . 3 6 8 1 I 
1 5 8 . 7 1 0 8 2 
1 3 1 . 7 9 7 3 7 
1 3 9 . 6 1 1 9 7 0 
1 37 .91401*0 
1 5 7 . 3 5 0 7 6 
1 5 1 . 6 9 8 1 4 9 

PHI 
0. 

-0.00001 
-0.00000 
145.0C001 
-O.OOOOI 
-0.00002 
-o.onooi 
1 . 5 . 0 0 0 0 1 
- 0 . 0 0 0 0 1 
- 0 . 0 0 0 0 3 
1 . 5 . 0 0 0 0 1 
- 0 . 0 0 0 0 2 
- 0 . 0 0 0 0 s 
2 9 . 9 - ( 8 3 9 
1 0 . 8 6 7 0 0 

- H 9 . 9 9 9 9 8 
1 6 . 0 6 U 2 1 
2 9 . 9 3 8 3 8 
1 0 . 8 6 7 0 0 

- 8 9 . 9 9 9 9 6 
1 6 . 0 6 1 4 2 0 
2 9 . 9 3 8 5 8 

- b 9 . 9 9 9 9 3 
I 6 . O M 1 2 O 
2 9 . 9 - 5 8 3 7 

- 9 0 . 0 0 0 0 0 
2 9 . 9 ^ 8 5 9 
I i 9 .0 .= ;61 l4 
2 1 . 0 n i 4 0 l 4 

- e 9 . 9 - . ' 9 9 9 
2 9 . 9 3 8 3 9 
l4 9 . 0 ^ » 6 11t 
2 1 . 0 C l * 0 3 

- 8 9 . 9 9 9 9 8 
2 9 . 9 3 8 3 8 
U 9 . 0 3 6 I I 1 

- 8 9 . 9 9 9 9 7 
5 9 . 9 3 8 3 2 
2 9 . 9 3 8 3 9 

- 8 9 . 9 9 9 9 9 
1 * 0 . 8 2 2 9 5 
5 9 . 9 ^ 8 3 3 

- 8 9 . 9 9 9 9 8 
1 * 0 . 8 2 2 9 5 
5 9 . 9 - ; 8 3 3 

- 8 9 . 9 9 9 9 8 
- 9 0 . 0 0 0 0 0 

1*9 .0^6114 
6 6 . 5 3 1 4 8 3 

- 9 0 . 0 0 0 0 0 
1 1 9 . 0 5 6 1 1 * 
6 6 . 5 - ; 1*83 

- H 9 . 9 3 9 9 9 
1*9.036114 
6 6 . 5 3 U 8 1 * 
7 0 . 8 1 . 9 5 3 

- 9 0 . 0 0 0 0 0 
5 5 . 2 1 8 3 3 
7 0 . « ' i 9514 

- 8 9 . 9 9 9 9 9 

- 9 0 . 0 0 0 0 0 
M . 8 5 9 9 5 

- 9 0 . 0 0 0 0 0 

CHI 
0 . 

2 5 . 9 3 1 7 1 * 
9 . 2 0 6 7 9 

9 0 . 0 0 0 0 0 
2 5 . 9 5 I 7 U 
5 5 . 5 6 9 1 3 
2 5 . 9 3 I 7 U 
9 0 . 0 0 0 0 0 
t t U . 2 0 1 7 7 
6 7 . 6 1 * 2 1 * 7 
9 0 . 0 0 0 0 0 
5 5 . 5 6 9 1 3 
7 5 . 6 2 7 8 5 
2 2 . 8 1 * 9 2 8 

9.01*41*1. 
5 9 , 3 6 6 3 3 
2 5 . 0 1 4 5 3 U 
5 1 , 6 5 3 7 8 
2 5 . 5 2 6 2 9 
7 3 . 5 0 6 2 0 
1 4 5 . 0 6 2 0 8 
6 1 * . 6 0 9 2 2 
7 8 . 8 3 3 5 5 
5 4 . 1 . 9 7 1 * 2 
7 1 . 2 7 ) 9 7 

0 , 
0 , 

1 7 . 6 8 ) 1 4 0 
6 . 6 0 1 * 5 2 

I4O. 1 7 5 0 9 
2 2 . 8 1 * 9 2 8 
U 3 . 7 2 1 8 1 
211.1* 1561* 
5 9 . 3 6 6 3 3 
U O . 122145 
5 7 . 8 9 6 4 5 
6 8 . 1 * 5 6 1 7 
1 3 . 6 8 9 6 7 

7 . 9 9 5 5 4 
2 9 . 3 7 1 4 5 1 
2 0 . 2 0 2 0 1 
3 6 , ) 5 7 U 0 
4 8 . 3 8 5 7 0 
3 6 . 3 5 0 7 1 
5 0 . 6 1 1 4 0 
5 9 . 3 6 6 3 3 

0 . 
0 . 

1 0 . 9 5 8 2 5 
2 2 . 8 8 7 5 4 
1 7 . 6 8 1 U 0 
3 0 . 1 5 1 1 4 
4 0 . 1 7 5 0 9 
3 2 . 5 2 0 2 0 
4 4 . 0 7 2 0 4 

9 . 0 6 3 4 0 
1 8 . 6 6 1 2 7 
1 5 . 5 0 3 5 1 
2 5 . 5 7 3 7 8 
3 4 . 0 3 7 3 ) 

0 . 
7 . 6 9 8 2 2 

1 5 . 7 1 8 7 3 
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SOURCE DECK LISTING 

; 1209/METlib 0 SPACE 
DI«ENSICM FS{3),INDX(7) 

COMMON SINTH.XL.LA.LB.LC.LD.LE.LF.L&.LH.LI.NP, 6 
lNC,V,A,B,C,BCMA,CAMR,ABMC,Ck»A,CWB,CWC,SWA,SW6,SWC,LP,NCT,ALPHAP, 8 
2ND,MPP.MPC,ADJP,ADJC 10 

10 FORMAr(6F10.5,F10.6) 12 
101 FORKATC 93H0 H K L 0 1/DSQ SINTH SINTHS lU 

1 SINTL SCTLS THETA 2THETA ) 16 
107 F0RMAT19UH V COSA. COSB. COSG* 18 

X A» B» C») 20 
108 FORMAT (F16.5,6F!3.6///) 22 
109 FORMAT! I 0 6 H ALPHA BETA GAMMA A B 2lt 

X C LAMBDA ) 26 
n o FORMAT I 6 F 1 0 . S , F I O . 6 / / ) 28 
n i FORMAT! 109H0 H K L 0 1/OSQ SINTH SINTHS 30 

1 S I N T L SOTLS THETA 2THETA PHI CHI I 32 
123 F O R M A T ( 2 2 H 0 1 2 0 9 / M E T 1 5 5 D SPACE) 
n o FORMAT ( 1 1 2 H HKL OKL HOL HKO HHL HOO OKO OOL HHO PHI CHI COR NCT - 3 6 

1KL H-L — L HK K- H AOJPHI ADJCHI ) 3 8 
781 FORMAT! lOOHO H K L D I /DSO SINTH SINTHS UO 

1 S I N T L SOTLS THETA 2THETA L - L P ) 1*2 
1231 FORMAT 172H 1(U 

1 ) U6 
1998 FORMAT120(3X, 111),6X,F10.5,5X,F10.5 ///) U8 
1999 FORMAT 120 11,2F10.5 ) 50 
1233 READ 1231 52 

WRITE OUTPUT TAPE 2,123 
777 READ 10, WAD, WBD,WCD,A,B,C,XL 56 

WRITE OUTPUT TAPE 2,1231 
IF (A) 778,18,778 60 

778 READ 1999, LA,LB,LC,LD,LE,LF,LG,LH,LI,NP,NC,LP,NCT,(INDX(NAI,NA= 62 
11,7),ADJP,ADJC 63 
WRITE OUTPUT TAPE 2,109 
WRITE OUTPUT TAPE 2,110,WAD,WBD,WCD,A,B,C,XL 66 
WRITE OUTPUT TAPE 2,710 
WRITE OUTPUT TAPE 2,1998,LA,LB,LC,LD,LE,LF,LG,LH,LI,NP,NC,LP,NCT, 70 
1 (INDX(NA),NA=1,7),AUJP,ADJC 71 
WA = WAD/57.2957895 72 
WB = WBD/57.2957895 7it 
WC = WCD/57.2957895 76 
CWA = COSF(WA) COSA 
CWB = COSF(WB) COSB 
CWC = COSFIWC) COSB 
SWA = SINF(WA) SINA 
SWB = SINFIWB) SINB 
SWC = SINF(WC) SINB 
BCMA=CWB»CWC-CWA '0 
CAMB=CWC»CWA-CWB '2 
ABMC = CWAtCWB-CWC '"• 
COSAS=BCMA/(SWB»SWC) '* 
COSBS=CAMB/(SWC*SWA) '8 
COSCS=ABMC/(SWA»SWB) 15S 
NA = 0 

109 
V = A iB»C»SCRTF(1.0+2.0«CWA«CWB»CWC-CWA»CWA-CWB«CKB-CWC»CWC) VOLUM 



EO 

C« 

111) 
116 

120 

121* 

128 
130 
132 
13l i 

A* 
AS = B»C»SWA/V g, 
BS = A»C«SWB/V 
CS = A»B«SWC/V 
WRITE OUTPUT TAPE 2,107 
WRITE OUTPUT TAPE 2,108,V,COSAS,COSBS,COSCS,AS,BS,C5 

761 IF(NP) 82,762,779 
762 IF(LP) 82,765,782 
779 WRITE OUTPUT TAPE 2,111 
780 GO TO 783 
765 WRITE OUTPUT TAPE 2,101 
766 GO TO 783 
782 WRITE OUTPUT TAPE 2,781 
783 FS n ) = 1. 

FS (2) = 1. 
FS (3) = 1. 

2f FH^l.O 
FK=0.0 '56 
FL=0.0 138 

3 CALL HKL ( F H , F K , F L , A S , B S , C S , C O S A S , C O S B S , C O S C S , F S ) lUO 
I F ( S I N T H - 1 .0 ) 2 , i4 , i» l ' i 2 

2 FH = FH+ 1.0 lU l j 
GO TO 3 11l6 

U FK = FK + 1.0 1U8 
CALL HKL I F H , F K , F L , A S , B S . C S , C O S A S , C O S B S , C O S C S , F S ) 150 
IF ( S I N T H - 1 . 0 ) 5 , 6 , 6 152 

5 FH = 0 . 0 I514 
GO TO 3 156 

6 FH = 0.0 15f, 
CALL HKL (FH,FK,FL,AS,BS,CS,COSAS,COSBS,COSCS,FSl 160 
IF (SINTH - 1.0) 2,8,8 162 

8 FH = 0.0 ,6i4 
FK = 0.0 ,64 
FL = FL • 1.0 ,68 
CALL HKL (FH,FK,FL,AS,BS,CS,COSAS,COSBS,COSCS,FSl 170 
IF (SINTH - 1.0) 2,9,9 , 7 , 

9 FH = FH • 1.0 'j' 
CALL HKL(FH,FK,FL,AS,BS,CS,COSAS,COSBS,COSCS,FS) 176 
IF (SINTH - 1.0) 2,20,20 

20 FH = 0.0 
FK = FK + 1.0 
CALL HKL(FH,FK,FL,AS,BS.CS,COSAS,COSBS,COSCS,FS) IHl, 
IF (SINTH - 1.0) 2,16,16 " 

16 NA=NA+1 '^° 
G O T O 131,32,33,31*,35,36,37,15),NA 

il IF(INDX(1)) 12,16,12 
12 FSl1)=-1.0 

FS(2)=1.0 
FS(3)=1.0 
GO TO 21 

32 IF(INDX(2)) 13,16,13 
13 FS(1)=1.0 

FS12;=-1.0 
FS(3)=1.0 
GO TO 21 

178 
ISO 
182 

188 



33 IF(INDX(3)) 1U,16,IK 
lU FS(1 )=-1.0 

FS(2)=-1.0 
FS(3)=1.0 
GO TO 2 1 

3U IF(INDX(M)) 17,16,17 
17 FSd 1 = 1.0 

FS(2)=1.0 
FS(31=-1.0 
GO TO 21 

35 IF(1NDX(5)) 19,16,19 
19 FS(I)=-1.0 

FS(21=1.0 
FS(3)=-1-0 
GO TO 21 

36 IF(INDX(6)) 22,16,22 
22 FS( 11 = 1.0 

FS(2)=-1.0 
FS(3)=-1.0 
GO TO 21 

37 IF (INDXI7)) 23,16,23 
23 FS(1)=-1.0 

FS(2)=-1.0 
FS(31=-1.0 
GO TO 21 

82 PAUSE 777 
15 GO TO 1233 
18 STOP 77777 

END (0.1,0,0.1) 

21 

218 
220 
222 
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1209/MET135 SUBROUTINE HKL rncr<; FSl 226 
SUBROUTINE HKL (FH,FK,FL,AS,BS,CS,COSAS,COSBS,COSCS,FS) ^^e 
DIMENSION FS(3) 230 
COMMON SINTH,XL,LA,LB,LC,LD,LE,LF,LG,LH,LI.NP. ., PHAP 23? 
1NC,V,A,B,C,BCMA,CAMB,ABMC,CWA,CW8,CWC,SWA,SWB.SWC,LP,NCT,ALPHAP, 232 
2ND,MPP,MPC,ADJP,ADJC 236 

238 
2140 
21(2 
2iti4 
2li6 

4-2.0«(FKS*FLS»BS»CS»2i«8 
iCS) 250 

252 
251* 
256 
258 
258 

IF (SINTH - 1.0) li9,50,50 260 
1»9 SINTHS = SINTH».2 262 

IF (NCT-1) 2000,600,610 NCT 
600 IF(FH-FK)50,605,605 266 
605 IF(FK-FL)50,2000,2000 268 
510 IF(FH-FK)50,2000,2000 270 

2000 GO TO (33,2003,1001,1055,1056,1057,100U,1002,1003),LA 272 
1001 A7 = ABSFIFHS • FKS + FLS) H<-K + L=2N 

IF (A7) 121,2003,121 276 
121 IF (A7-2.0)50,2003,123 278 
123 A7 = A7-2.0 280 

GO TO 121 282 
1055 FE=ABSF(FHS+FKS) 28U 
751 IF (FE) 752,2003,752 H+K=2N 
752 IF (FE-2.0)50,2003,753 288 
753 FE=FE-2.0 

1711 
711 
11 

F0RMAT(31U,8F10.5) 
FORMAT(3Il4,9F10.5) 
FORMAT (3IU, 10F10.5 ) 
FHS = 
FKS = 
FLS = 
SUM = 
ICOSAS 
SOTLS 
SINTL 
SINTH 
CHI = 

FSl 1)»FH 
FS(2)«FK 
FS(3)»FL 
(FHS»aS)».2 + (FKS»BS)««2 + (FLS»CS)«*2 
+FHS»FLS«CS«AS«COSBS + FHS»FKS»AS»BS«CO 
= SUM/lt.O 
= SQRTF(SQTLS) 
= SINTL»XL 
-0.0 

290 
292 
29U 
296 
H*L=2N 
300 
302 

GO TO 752 
1056 Fl=ABSFlFHStFLS) 
761 IF (FI) 762,2003,762 
762 IF (FI-2.0)50,2003,763 
763 FI=FI-2.0 

GO TO 762 
1057 FO=ABSF(FKS+FLS) , ^ 
771 IF (FO) 772,2003,772 f°* 
772 IF (FO-2.0150,2003,773 ^ ° ^ 
773 F O = F O - 2 . 0 3 1 0 

GO TO 772 3 ' 2 
lOOll OA=ABSF(FHS + FKS) 311( 

I F (DA) l U I . I U S . H l l L+K=2N 
m i IF I D A - 2 . 0 ) 5 0 , 1U5, 1142 3 1 8 
I i i 2 D A = D A - 2 . 0 3 2 0 

GO TO l U l 3 2 2 
1145 E = ABSF(FHS + FLS) 32l» 
lUO IF ( E ) 1146,2003,1146 H+L = 2N 

3 2 8 
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1146 I F ( E - 2 . 0 ) 5 0 , 2 0 0 3 , 1 1 4 7 3 3 0 
11*7 E = E - 2 . 0 3 3 2 

GO TO 1U6 33U 
1002 87 = A B S F ( - F H S + F K S + F L S ) K + L - H = 3 N 

I F ( B 7 ) 1 1 * 3 , 2 0 0 3 , I i 4 3 3 3 8 
1i»3 I F ( B 7 ) 5 0 , 2 0 0 3 , 1Ul4 3i»0 
IUI4 B7 = B 7 - 3 . 0 3I42 

GO TO l i t 3 3l*U 
1003 C7 = A B S F ( F H S + F K S + F L S I H+K+L=3N 

I F ( C 7 ) 1 3 1 , 2 0 0 3 , 131 3148 
131 I F ( 0 7 - 3 . 0 ) 5 0 , 2 0 0 3 , 1 3 2 3 5 0 
132 C7 = C7-3.0 362 

GO TO 131 35U 
2003 IF(FH) 2005,20014,2005 356 
200"* GO T0(33,2005, 1009, 1010, ion, 1012),LB 358 
1009 P=FK K=2N 

IF IP) 161,2005,161 362 
161 IF lP-2.0)50,2005,162 36U 
162 P=P-2.0 366 

GO TO 161 368 
1010 QA = FL 1-=2N 

IF (OA) 163,2005,163 572 
163 IF (CA-2.0) 50,2005,16U 37U 
16U QA=0A-2.0 376 

GO TO 163 378 
1011 R=ABSF(FKS+FLS) K+L=2N 

IF IR ) 165, 2005, 165 382 
165 IF(R-2.0)50,2005,166 38U 
166 R = R - 2 . 0 3 8 6 

GO TO 165 3 8 8 ^ 
1012 S = A B S F ( F K S + F L S ) K+L-UN 

I F ( S ) 1 6 7 , 2 0 0 5 , 1 6 7 3 9 2 
167 I F ( S - l 4 . 0 1 5 0 , 2 0 0 5 , 168 39i4 
168 S = S - U . O 396 

GO TO 167 398 
2 0 0 5 I F ( F K ) 2 0 0 7 , 2 0 0 6 , 2 0 0 7 ' •00 
2006 GO TO ( 3 3 , 2 0 0 7 , 1 0 2 7 , 1 0 2 6 , 1 0 2 1 4 , 1 0 2 5 ) , L C U02_ 
1027 AC=FH 

I F (AC) 

H = 2N 

1 8 7 , 2 0 0 7 , 1 8 7 " 0 6 
187 I F ( A C - 2 . 0 ) 5 0 , 2 0 0 7 , 1 8 8 
188 A C = A C - 2 . 0 

GO TO 187 
1026 AB=FL 

I F ( A B ) 1 8 5 , 2 0 0 7 , 1 8 5 
185 I F ( A B - 2 . 0 ) 5 0 , 2 0 0 7 , 1 8 6 
186 A B = A B - 2 . 0 

GO TO 185 
1021* Z = ABSF(FHS + F L S ) '^y". 

I F ( Z ) 1 8 1 , 2 0 0 7 , 1 8 1 1%° 
181 I F ( Z - 2 . 0 ) 5 0 , 2 0 0 7 , 1 8 2 ^ 3 Q 

182 Z = 7 - 2 . 0 1,32 
GO TO 181 H t L = i.N 

1025 AA = A B S F ( F H S + F L S ) l , , ^ 
I F ( A A l 1 8 3 , 2 0 0 7 , 1 8 3 

I4OB 
I 4 I C 
14I2 
L = 2N 
I4I6 
U18 
U20 
U22 
H*-L=2N 
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183 
1814 

2007 
2008 
1030 

195 
196 

1031 

197 
198 

1032 

199 
200 

1033 

201 
202 

2001 
2002 
1005 

151 
152 

1006 

153 
1514 

1007 

155 
155 

1008 

157 
158 

1028 
1029 
2009 
189 

190 
191 

IF(AA-U.0)50,2007,ISU 
AA = AA-l4.0 
GO TO 183 
IF (FL) 2001,2008,2001 
GO TO (33,2001,1030,1031,1032,1033),LD 
AF = FH 
IF (AF) 195,2001,195 
IF (AF-2.0)50,2001, 196 
AF=AF-2.0 
GO TO 195 
AG=FK 
IF (AG) 197,2001,197 
IF (AG-2.0)50,2001, 198 
AG=AG-2.0 
GO TO 197 
AH=ABSF(FHStFKS) 
IF (AH) 199,2001,199 
IF (AH-2.0)50,2001,200 
AH=AH-2.0 
GO TO 199 
AI=ABSF(FHStFKS) 
IF (Al) 201,2001,201 
IF (AI-U.O) 50,2001,202 
AI=AI-M.O 
GO TO 201 
IF ( F H S - F K S ) 1 0 2 8 , 2 0 0 2 , 1 0 2 8 
GO TO ( 3 3 , 1 0 2 8 , 1 0 0 5 , 1 0 0 6 , 1 0 0 7 , 1 0 0 8 1 , L E 
F = FL 
I F ( F I 1 5 1 , 1 0 2 8 , 1 5 1 
I F ( F - 2 . 0 ) 5 0 , 1 0 2 8 , 1 5 2 
F = F - 2 . 0 
GO TO 151 
G=FH 
IF (G) 1 5 3 , 1 0 2 8 , 1 5 3 
IF ( G - 2 . 0 ) 5 0 , 1 0 2 8 , 1 5 1 4 
G = G - 2 . 0 
GO TO 153 
H=ABSF(FHS+FLS) 
IF (H) 155,1028,155 
IF (H-2.0) 50,1028,156 
H=H-2.0 
GO TO 155 
0=ABSF(FHS+FHS+FLS) 
IF (0) 157,1028,157 
IF (0-U.O) 50,1028,158 
0 = 0-14.0 
GO TO 157 
IF (FL) 
IF (FK) 

1013,1029,1013 
1013,2009, 1013 

GO TO (33,1013,189,192),LF 
AD = FH 
I F (AD) 1 9 0 , 1 0 1 3 , 1 9 0 
IF ( A D - 2 . 0 ) 5 0 , 1 0 1 3 , 1 9 1 
A D = A D - 2 . 0 

14 38 
i*UO 
UU2 
I4UI4 

UI46 
H=2N 
U50 
1(52 
l45U 
U56 
K=2N 
U60 
U62 
i*6U 
U66 
H+K=2N 
1470 
U72 
U7l4 
1476 
H + K=l4N 
1*80 
1482 
I48I4 
I486 
U88 
I49O 
L=l4N 
U914 
U96 
1498 
5 0 0 
H = 2N 
SOU 
5 0 6 
5 0 8 
5 1 0 
H+L=2N 
51U 
5 1 6 
5 1 8 
5 2 0 
2H+L=UN 
52U 
525 
5 2 8 
5 3 0 
5 3 2 
53U 
5 3 6 
H=2N 
5U0 
5U2 
5Ul4 
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GO TO 190 5U6 
192 AE=FH 5U8 
193 IF (AE-U.0)50, 1013, 19U H = i4N 
194 AE = AE-ll.O 552 

GO TO 193 55U 
1013 IF (FL) 1017,2050,1017 556 
2050 IF (FH) 1017,2051,1017 558 
2051 GO TO (33,1017,1015,1016), LG 560 
1015 T=FK K=2N 

IF (T) 169.1017,169 56U 
C 566 

169 IF (T-2.0)50,1017,170 568 
170 T=T-2.0 570 

GO TO 169 572 
1016 U = FK K=ltN 

IF (U) 171,1017,171 576 
171 IF (U-U.0)50,1017,172 578 
172 U=U-U.O 580 

GO TO 17 1 582 
1017 IF (FK) 103U,2055,103U OOL 
2055 IF (FH) 103U,1018,103U 586 
1018 GO TO (33,103U,1019,1020,1021,1022),LH 588 
1019 V=FL '-=2N 

IF (V) 173,103U,I73 592 
173 IF (V-2.0) 50,)03U,17i4 5911 
17U V=V-2.0 596 

GO TO 173 598 
1020 W = FL L--3N 

IF IW) 175,103U,175 oOf 
175 IF (W-3.0) 50,103U,176 
176 W=W-3.0 

GO TO 175 
1021 x=FL ir:" 

IF (X) 177,103U,177 * j ^ 
177 IF (X-U.O) 50,103U,178 *'* 
178 X=X-U.O *'* 

GO TO 177 f ' l 
1022 Y=FL JZZ 

IF (Y) 179,103U,179 O^^ 
179 IF (Y-6.0) 50,103U,180 °^* 
180 Y=Y-6.0 

GO TO 179 
103U IF (FH-FK)33,2060,33 
2060 IF (FL) 33,2061,33 
2061 GO TO (33,1035), L! 
1035 AJ=FH X̂ fi 

IF (AJ) 203.33,203 " ^ 
203 IF(AJ-2.0)50,33,20U °^2 
20U AJ=AJ-2.0 x^^ 

GO TO 2 0 3 j ^ i 
33 D = I . O / S C R T F ( S U M ) . ^ _ 

7 5 0 T H E T A = A S I N F ( S I N T H ) ^ ^ p 
T W 0 T H = T H E T A « 2 . 0 j j , 
SN2TH = S I N F ( T W O T H ) 

60>t 
6 0 6 
6 0 8 

6 2 6 
6 2 8 
HHO 
H=2N 
631* 
6 3 6 
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1965 IF(LP1998,890, 1966 " ^ 
1966 GO TO (1967,1969,1972,19714,1977,1980), LP 656 
1967 SLP = 1.0 / SN2TH "^^ 
1958 GO TO U5 **0 
1969 SLP=1.0/(SINTHS»2.0»COSF(THETA)) 662 
1970 GO TO U5 66U 
1972 SLP = ( 1.0 + C0SF(TW0TH)*.2)/1SINTHS»C0SF(THETA)) 666 
1973 GO TO U5 668 
197U COSCMU = 1.0 - I(FH»XL)/(2.0«A))»«2 670 

GO TO 1975 672 
1977 COSQMU = 1.0 - ( ( FK»XL ) / ( 2 . O'B ) ) • * 2 6714 

GO TO 1975 6 7 6 
1980 COSOMU = 1.0 - ((FL«XL)/(2.0«C))»«2 678 

C E(3UI INCLINATION LP CORRECTION 680 
1975 SLP = (2.0-SN2TH«SN2TH)»SINTH/(SN2TH.S0RTF(COSOMU+SINTHS-I.O) ) 682 

GO TO i45 68U 
890 IF(NP)998, U5,900 686 
900 GO TO (905,910,915,920,925,930),NP PHI 
905 TNPCA=IV»(C*FKS-B»FLS.CWA))/(B«C«( 690 

1B«C«FHS«SWA.»2+A«C»FKS»ABHC+A»B»FLS«CAMB)) 692 
PHI=ATANF(TNPCA)»57.2957895 69U 

909 GO TO 9U0 696 
910 TNPCB=(V»(C«FHS-A.FLS«CUB))/(A»C*(B»C» 698 

1FHS»ABMC + A»C«FKS»SWB»»24-A.B 700 
2.FLS«BCMA)) 7Q2 
PH1=ATANF(TNPCB)»57.2957895 701. 

914 GO TO 940 yg^ 
915 TNPBC=(V»(B">FHS-A»FKS»CWC) )/(A«B«(B» 708 

1C»FHS»CAMB + A»C»FKS*8CMA4-A.B»FLS»SWC»»2) ) 710 
PHI=ATANF(TNPBC).57.2957895 7,, 

919 GO TO 940 ' "^ 
920 INPBA=(V.(B.FLS-C.FKS.Ck.A))/(B.C.(B. 7,1 

lC«FHS.SWA».2-fA.C»FKS»A6MC + A.B»FLS«CAM8) ) iio 
PHI=ATANF(TNPBA)»57.2957H95 ,i„ 

924 GO TO 940 '2" 
925 TNPAB=IV.(A.FLS-C»FHS.CWB))/(A.C.(B Hf 

I«C»FHS.ABMC+A»C.FKS»SWB..2+A.B*FLS«BCMA)) il^ 
PHI=ATANF(TNPAB)«57.2957895 '^° 

929 GO TO 940 728 
930 TNPAC=(V.(A.FKS-B.FHS.CWC))/(B.A.(B.C '^° 

1»FHS»CAMB+A.C»FKS»BCMA-4A«8»FLS»SWC»»?)1 ^^ 
PHI=ATANF(TNPAC).57.2957895 ^31* 

940 PHI = PHI + ADJP 736 
949 IF(NC)998,45, 950 738 
950 GO TO (955,960,955),NC CHI 
955 SNCC = FLS»D/C 7«42 

IF (ABSF(SNCC)-l.) 22222,22221,22221 ''''•'' 
22222 CHI=ASINF(SNCC).57.2957895 746 

959 GO TO 35 71,8 

960 SNCB=FKS*D/B 75O 
IF (ABSF(SNCB)-I.) 22223,22271 70001 752 

22223 CHI = ASINF(SNCB).57.29578^5 '"^^' 754 
954 GO TO 35 75^ 
965 SNCA=FHS»0/A 758 

760 
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c 
22221 

35 
45 

CHI 
CHI 
ISA 
KSA 
LSA 

IF (A8SF(SNCA)-1.) 22224,22221,22221 762 
22224 CHI=ASINF(SNCA)»57.2957895 76* 

GO TO 35 766 
768 

90. 770 
CHI + ADJC 772 
FHS 77U 
FKS 776 
FLS 778 

THETA=THETA«57.2957895 780 
TWOTH = THETA»2.0 782 

970 IF(NP)996,975,996 78l| 
975 1F1LP)977,980,977 786 
980 WRITE OUTPUT TAPE 2 , 17 11, ISA, KSA,LSA,D,SUM,SINTH,SINTHS,SINTL, 

1SQTLS,THETA,TWOTH 
985 GO TO 50 790 
977 WRITE OUTPUT TAPE 2, 711,ISA,KSA,LSA,D,SUM,SINTH,SINTHS,SINTL, 

1SQTLS,THETA,TWOTH,SLP 
GO TO 50 796 

996 WRITE OUTPUT TAPE 2, 11,ISA,KSA,LSA,D,SUM,SINTH,SINTHS,SINTL, 
I SQTLS,THETA,TWOTH,PHI,CHI 

997 GO TO 50 802 
998 PAUSE 77 804 

GO TO 45 806 
50 RETURN 808 

END (0,1.0,0, 1 ) 
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